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.<^^kj LiS ^ Jly- ^^^iJl ^Jj" bll 
teJj^A>- (jl jjSflj 'cJjjl j**Jl Lolt» £<Jj L ^ ... n .. t . l l 
.L* jL^il ^ JaJL-J ^LaJl oL>j 
?«_;L-Vl ^ cj^JI jil toLli t oL'L<Jlj 

jjp ^ ^-w2J tJlj^Jl ^jJaj 0' L ,j^Jj 

.<d c_jl_pr J-LJl L.ljJ jJLij Jj t 4L*L4 ^jSLll 
^J^Jj^lS ^-1 aJjlJ ^jkjUl ^jip jLfJL« jLj%-j 
L«jj L*jjJ ^ fl !^ : _ -. Jjfc ?>t«Jj ^...a.^.Jl j ^gi* JL« 
L« tiJli j IJL* j ?(_£ j^J ^ j*-i Jj>- jJ Jjfc ?L« 

^-■o... t Jl 4 <_.,,!? 

dJJjj ^jAj t«jl j^-lj t- | _ ; .-.o... "J l ^JJ? 
t,Jjl j^-lj t— *LbLl i^jJL^- Lajj LgJj$\Jj ioL- jJUa> 

<L*_Jf cjIS jil LjJl . i]">L*j cj j4 jJLma> ^.,,/?t1 
.4-gJ^I Ji« L«Lc tĕ jiX» j SJ*>L>- t2b- jij^ 4««Jj 
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V ^ _-LL JT jl iSjiJl ^ ^j 

tLL*i i_5"l jSOl j_d JLju ^y* ( j,»._...t.Jl jJLj 

JL; jl jjj tJjkJt» ^UiijL <L« jjl L^Jjjj 

J\-_j4 ijJJjLi Lgjl .jJL_3J j>5" (ju <U_>t?- jjiu 

IjL» . jLi^L jl^gll jL_L_» L_* j o _JjL| j jLiOl 

# >* 

t^J? j--*JL LiiL» LlLp jou Lgjl ?"}LJ ^j- a .tll J*iJ 

ljjj__> L>-Lv9 d-ju-" L)l _Li <.J jil aSCJj? a5 j_i 

t j jAJl ^j »jj-s^» (j^JJl Jfri iJjlj^Tj^ <■ J-^i 

j^S\JI ,»L>JJ IjL*JI ^j,. « . '~.\\ oL*Jl ~ ■ 

jsVi _jp ji ^i ajj ji i^jj ji cLjji ^^jji 

(_jijJb»«Jl i_jL ^ j jSC^* caJLJ-I »jL* ^ '_^J 
j LgjV tLji_p jl LptJs J j^ akJ ^ ji» 
u « «...'JL JJsU-^l ^jP 2i j___7 aJL._T LaJU- 
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L. ^jSj" j (^iLll jiL*Jl tLil ^ !__>■ L$_xJ j 
_y jLJl Ol J j-aJi ^jSLc ^^j-Jl l-U ^jtJs ^ 
ji-T ^ \ n:"~< (^----Jl Jl iolll *LiVI 
'«jl>-lj «.j__JL ^jjLT 1__jI LgJl . t_-ilj^-l ^ 
^ ...o-^Jl ^ l«-^>- 0 j^J ^9 .(JjI '-'j^r^^.J 

<__;_a (j-^-jJ L« JJ-j oL»jVl ^Lp ^ <_J_?-I 
.*J>_-Jl jj_^_____!j !<_£jji_-_>'l j£>" ji i4 : . _ <> ■ tll 
Ol j;Jl jL_il j^*L-j VI : J*L__J jUl ^ja jlW:;l j 
jv) ^ L_-jj ^j-jJJlSI oVLi_>-l jljl Aj jiJl 

^ r M.o.,tll 0 j^ol ?<_C g /ll ^...«...tJl _i o j_Jl (ji"j. 

Jj>VI 2Li-^iJl 0\ jJU ?,_ (jrlll j^l <U_f 
tLii_L cl jl jSo j Ijl ^ JL__5-VI l-L_ I jf- jJf 
2,«,.Wll L$_T j>- jLJl jf -_-V ^ JJl jJ_--jl 
4j >^ ' j^- o .«ll js?— j L__-j 4L0 j_ -c- J. * ,/? i 

jsO 0 j£j oi ^ v c jljl.j .^jSn j j^ 

cJlS' lilj . Lg.M.._i <l_J_Jl jLJlj ^--c-iJl ^ 



ll 



jli ( jLJl j e.1 j$Jl j "^lj^lj elll _j c A^L-ty 
t^^U- jv2^P O j^J 01 -Aj "V ^^o-iJl 

jvsL«jI i_-S"x>«j_j .A^jbL» _jl ^j^jii?- j*>y>r ^j* iS^ 
4i>Jj "V c-j.L* ,j~iUi-l jy?:»ll jli ^ j^-^l <*j jVl 

jaIJI (3 ji L llp jl 1^5" jJULL; (Juali _J jtiJl 

l»lWy._j ^l y^lj oLiidJ yjjLJl 
^ "V _j . j-SJl c-^- L. (_jLLJl Lilp jOi ^ ^JI 
AIoj ^^jiJl Cj.iL* 4Ja-xjVl 4,.» : .iaJl *> jjjjl jl 

. sJL^Sfl Ljj jj-^s 

CjIp, 1 ..i^tII J, _jl UjIjj «LligJl jvaP J jL>«j.j 
(^pJ j^iJl ii ji L lL*i _JiJl «.LJl IJla 
^Js- JJaJl j t jLl-jI <o Jli ^JJl oLJl dJJJb 
Jj«j oL>i jgkT ^l j» jj^Jl jJJj dJJi 

mova stella (•—'VI L» ^ t^j.LJ 3jw2j 

Jij .1 ^ ,1p jJJaj JJi> (^JJl toJbJjLl 2uj>«J| (j\ 
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Tycho g^l y. y^> (_/ _/jJl JJIiJl (ILp- ^jl. 
jLi.il A JJLi o y.UJl cjLjJLLI jl Brahĕ 

jjj^ A^jj JjL-jJl ^ Ljajl Ji>- jJj- .j^-aJl «.Ijj L» 
^LJLi jLk^ ^&j tLr ^Jl UL>4 
aiJLi-.| ^ jLo j^»Vl jl ^ j-> jj (jy Galilĕe 

^JLj !(*J>«-Jl ^2-* ^jip Jj>- JJ jJP- ^JLi 

J y>- c_-pL>-l)) ajLS' ^ Fontenelle Jj ji ji 
2^JU<aJl (^r^- j/^ ^ j-^jj. t (1) ((Jl j*Jl 
jlS"» : JjjL tl^;,^ 4-jLJjiJl J?L*jVl l^tal" ^l 
ij^iiJl jl jjJJL*j oji-^3 ojij J-j LiL-j*>\i 

J5"j oljlo.. *Jl SjyjJs J j^- <lJ| j j*aJj L« J5"jj 

^L-JJlj jJcJl I^JL-Jj. V ^Jl aj.jL^JI j.Uor^l 
^jJ (jl '>*^* (»— Oil ^j-^iJU [...] 

aj.L^I j iSjS ^jjjw Oj4 LJl ^Uor^l ^jj» 
LJb jjJjL*j ^oJr-l JJi» Jij . Jlj— Jl l-L* ^jIp 

.Entretiens sur la pluralitĕ des mondes (1) 
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oJL* lia-»- ij±J (j-^Jj ilJj>r 5vaJL>- jLi ^mo ,tll jl 
jci, J5 _prj 5la->-M» j jill IJl* 5jIJj Ji o ^SCiJl 
I^J^- £-iJl s-l* j jJnj Ji [ . . . ] . I " ij _ji 

[...] .^j^waJtJl jLj lj> jjj -»rl 5.Jty*> 5^>J»t^3 <Ll"5' 

S_L*-> oj>Lc. 5J-lJ ^ IjLi ^.«....tJl cJlS" lil '(j^Jj 

cJjLJj (jj^->»I**i L>Jj>- 2,1 oJ>lil oJLgj» cLjj-Lju 

JLSjj .(J-jI— •! { jaj V ji,-atll iJun j! ^jy bf 
^Ljj o.rUl LgJl 5jj%lJ| Ji->- jl I ■'*>i\ 
^i» c5jjli ;L->-L& oJjJj? luI 
. ((Cĕsar fj jJl j-^i o y o ; i ip l ^yJl 5j-JI Jl jJ-> 
?-.LjilJ ojjJL» jil ^^o-dJl j jSxjt 
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j^aJy^n o * tl j JLU 



j ...» c^j-wo^iJl ^ (3j^?«j "Lu jlS' d)l 
Jlj~Jl jjo La j .t^iJl I-*-* j* L> *i j*^ IJ-jL» 
cjjSjJI IJL* jlLj jt J-o^>«j VI :i_>L>J.I c^^' 
JL» J jj^-I j ^^^^jjl «.Likjl Jl iS^y^ L jjb j 
^ ^jJaj eJL* ? J ji£ ^^o-jJlj ^ 

ji s-Ljj^iJl jLsf ^ ^SJj tj^i-iiJl JbrJl 
jlj S-^U- c^LiJJ iJLLiJl oL<J>Jlj ^IOp^I 

jt -t*J jjSl 43.J L..,...r5'l AiUaJl j Sjl jji-l ^« jJJjL» 

jiP jC^p ju.LJI j^iJl ^ i£\ tjj-l jJJi *>Ui 
^L-J/^I L^ljj cjuSC» LoJT .4jLi$Jl <ui Lc -t jv>_>l j 
apU_J| ^ 2bjl ji-l _L.buIl jll»l _i 5jl ji-l j 

j jjj jL>- ^ Ojl ^J- 4i>^j_ ijiJ SijAjJJ A^lSsJl 

^■o-tjl jl tLjjJl jjj_l IjjKJs .<UP j_L-Jl (. jjajl 
5500 AjJLJI l^___>, ĕjlj^j co jL>- L^ V Jkii £<Jj 
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o.,.tJl . L*jlj jiu&\ Li jJ L$J-P <L> j£j> Aj^-j^ 

iJL* j ?o jL>- ^ lili j .£_«1j ^j Oil ĕ jL>- 
fLJL*Jl ^juJ L jLc-j^ t^jr-" Lc. 3l ,/?!l JjJj Jlj-*" 
?ojL>- .illj jL» ;4Ti, /> ftl 
jj j*l* 0 ji OL y> OLIity ^j^aJI LlLp ^Us 

0 ji ^j j j j Hermann von Helmholtz 
l£_«LjJI ^ jjJLi Jjl Robert von Mayer 
oilOij .iSUall ^JLt ikiUilt Jjjli jAj t4jjl^J-l 
a^JLOi AiUaJLj iL^ISCi jJcj Ji 2iLkJl jl 

^«^oJlj «Lljl j>- <5L1s (_^l J j>0 Ji 

L-Lp .jJcj V AiLkJJ aJU^ ^50l ^j 
^LJLnJl Jj^-j ^Js- j jJLUl IJl* j^ls 

j_U<aJ LaJjj^ ^j^o ..illi n_$jS il5\JL« j»LI |, g . -ail 
^ju L Ja-uj ^ 4iLls J-» y LgJl .Ojl jJ-l j * j-iaJl 

LjiiLU ojjj^b ^J-*' t<-S\ j53l 

L>«j jJb" jjj jl Jb V ±J1 j . JLJLj .i^sUl-l 
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j^Jy*^..» t,llj ^ji* j±i 
OL>-jJ ^jy^r-.,. ..T.i C» ■/»->- 1 ^j-La AjLJL» Ji> 

yL^>V Jl LL-ii LiL-i LgJ jJ J St; J j^aS ojl ^ 
jl J* JY-^YI J4-JI ^ OLS- j . Ji ^ 
«Jb»-1 j <L>- j-b L«j>- ^ajLitjJ ^,. a.M.Jt 5jl <L>- jJ 

"L>-j.5 jl JJ-*-' 2 -' Js 3 *" " *^ ilr"" 9 "-JjL-*! LiAj !4j jL» 

j j.,^<ll ^ ^>-jJ ^gjiitj j%iTt c.iLS' ^ -.a. J ^- t l ajl j>- 
jLS" Lf . ■*■>•- jj jjL>ti jl »»jJ Ylj i*jyiJl 
jI lil t^jiC! !jL>«Jl aL. jULc- Jl Li>- 
^ LaJJLjj ^Jl AiUaJl jl al:»«* o jJ ^-o .tll ^j^o 
Loli i JULij . j.A „fi» ^y» Lgjorj-L-J ^YnJ^y\ 
Llj l^Li-lj aSUs> j-Ua-> ^jLc- (^JLo ^o-.tJI jt 
^jJ>«J j . - Urr . a5LL> S-aS" ^jLi-l ^Jiii Lgjl 

^». .tJl jl ajL/L» jw. jL" ^JJj jl jil •_-> y-JL-J V 
4JYI «j j-j9 jl j -wjU- 4j^jL!I Ji> b jij dJJLji-J 
j^iJl Jljis jUiVl JS" gi 0 j-Jab- cJLS' aj.jL^JI 
t uLJl IJL* ^ :i'"-j jt ol g;* (j-^J • J r ; -- >c ' ^"Ldl 
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£j jjl j j^-l ^JiP (^JlO _j~..a..,iJl cJLS" jJ ^J^* 
^y> JS\ 4.l»7>t.« JJaJ jt L_JlSC«lj _j"._l* Cjt^J^l 

sJ.* £jA As*Zj L« JS" Cij^—Jl _j-« < 3*^1 SjcJaj 

l__^>- «JLj jW- Jl^-t V jt jJu j .L*l J ^Jl A5LkJl 
^tiJLi ^UaljLi jjjJ jt _jJSJ». <~ll j? _/il 

(Jl j^VI oLL^p JS" jt Jl *iL>l .-U: LdS' 
cJlS" UjjjJj- aJISCi *LJL«Jl J^J ajL^Jl 

>W2J tL*JjL4 jj^U. V S-*- 4 («-$-! t-Ju»J 

Cj\jt*£- £-A> ji-^Ai (^j-^t ^j Jj t^jU^Jl olj\ij> 

Ji» o ji o*>U-LiJl jtSt j jjt jj iju-Jl ejWI 
JaJL-t |JiS\j& . .jy^-S^I ^ ,jij>- jjJ-^Jl Jjl j^-l 
J jiJl i^>*^>\ tjjj* 3 ! \ jj«-^ilj «-LJjJI Jo ^ 
. ^jLa-S" (Jl j^-I j jJT __H 
jj* L__^>- i_jjj*ll _L?- jJl AjUaJl jJ.iA» jLS" 
jjLJtS L_T J-£Jl ijy JjLdl i_-oL>_)l tiuiUrl 
JjuiJ SiUsJl oJ_* cJLS" lilj ._jjjJ (JUwl <uc- 
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j^ji/^j.i» illj JiLt 

J,^fl| $ jU_Jl ^+J^Jl iiUaJl jJ jj oLkji 

?4.,.,.. a .,tJl «UaJl oJjJ ^>:,„; cJ^SG t oY>LJl 
j jl» j»Uj <»JL» j j Mayer j^L ^ JS" Jo p>\ 
LJ 4^-*l ^ ,. „^ ,,i ^ JJl William Thomson 
ijj^ L /~*~^\ ot tLord Kelvin OyilS" ijjJJl 
f 1 g-wU. J jjLJl i_jW2£ Jj«jL AiUaJL; <>UaljLi 
^Jj^j j <U^JaJl ^-p ,tll 2jLxS" LgjJl>J- j jL 
. Ji*Jl 1 g V V./» jSlJl oJL* jjj Jj .I4PLLI 
^ ^ Vj 1L4J JiJl kiJJi £-« JjL»J tj^Jj 

U^. .. 1 <_jL*jw ^gi^jj c4_jLt!l j^ jJLS" 4jl 

^^-o-^iJLi ^ . iU.^7 sjoi^s 5 j>*-*0 jl iJj-U ^S" 

^jp <4Ul yUaJl jLJ «LU Ji 

. L^Jij j^* c-j.js^» ^Jl tiJJj Jit» 3j j jJ aJLjj jL>«jLil 

jjj J? jjL- ^jP S^wLll jljs^Vl J^«j Vj 

cJ jUI _b Ji. t( _J* jSTI Jl>-Ij jJLS" J^jL 
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jJL>\ Iji ^ l4J-*> 0 j-L» 65 LjS" jS t-JjJa 
LiJl ll ^jip Ja3L~i jl J • J <=» L^j jlII 

*3UaJl jlJLi. JlsS aJLJI j *JjLJl ^ ^ jLL 
jISCJL tJUkj jtS" JL>- (^l ^JLp jAj .L* jJwaJ ^Jl 
( _ r ..a.,„ i Jl 4^5" ^j» tj^- jjJJ» j» Uj^r iI^Aj Jic 
jljOil lJl$J ^jJaii V jAjjIs Lij JJsl^. IJL4J tl jJ- 

jiJ jJJUJl *U1p jUTL. tdili^j .AiLkJl^ 
Jlp sJaSL-iil *JjLJl ^ ^l IJl* Ji. ^"^L. 
jLCyij jlf L. l^Ji ^jVl jl IJLp .^-«-iJl 
JjLjl 9 JUb jUs^l tjyJ^ ^j» ^lc. JlaJ jl 

jLT Lc tSJLt JfT ^ ^jVl l-wJ jl Ju V ^l 

IjlSC* j .9 yfcUaJl sJl* Jl 4Pj^~j. ^jla-ij LjL»»*-^ 
. LJajl jA j±,.*Ja\ IJl* JU-LJ 
IjJWa» j I jJjSsj |i c-lo-Lr.ll jl Lc.j 
JyiiS' 9-L*j j 1854 jJ j-oJ-* -L^P JjU tSiUaiJ 
iLc-LSI jtSl i_JLi ji AjiLsLl « apL^s SjLc-I Jl 
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t-la*j ^dJcj cJlS" l_l (J -.o.„tJl jl L>L~->- LLi 

ji 

Jl (jy^^ jlS" ^a.Lo.-ll lJufc jli t<u__ij LjiL" J*ij 

(^jjjviJl ^yjldTll jl (_jL_ji-l ^jL-USCjj . Lj-Lj^t— J 
jLoSH olj-J-P £*-iJ jjL?>-j "V tlJj>r _jL-Av» 
JJa-^ ^.«..tJl ^J__ ( j_iL_' jLi t_JJJJ L»Jj.L> j^ >>> 

L_J j^s-C t_jL-J-l UL*i ti_JJ_ Jl 2iL_>l . jc,....Jl 

j jJL« (jy"^ jl i— i^j" o .f Jl y~P ljL_>- ^j^ 

Jl 5jLjJ*>UI ^ .tll ^Jai ^^^aj-J- aJ-T <__■ 
jly^l ^ jyiiT .jjUI __ji jlj .JLLI <^ 
j j~*JL> L>J_p j jtW L>- jJ jJrl ^LJLc- jL 
j^. oljLL oJp ^JL ja£- jl J j_Jl Jl 

<» jjU V jJ j~Jl jjJ__Jl X>_ jJaJ jl L-T t ju__Jl 
jjJ__Jl ^ (jy*!>Lll _jL_« . 1 WtT Lgj'V ^LjI ^Ip 

.^^kJ| jjkJl ^ 
JjLi ij—ii _i LiJL I yl 3 ^S_Jl «JLa c-JJb>-l 
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^^^JldlnljjuJlU 



^jyilS" .ijjJJl $ £jv2J *^**r L£ 'ijijj^ 

«Sj^C i^»> C5-^I ^jMo.tll a^is ^Js- J^-U^^b 
O j_5r jJ j_J' tLJLnJl ^j^ij 4 jJJi j . j< ... a:ll IJL* 
I yClt\j c_j__jL_j_jiJl £tj>cji- ^jws jJl O j~T jJ J^"^ J 

^le- ^Js- ijyl jiJ j»jLa!I J~Jajl jV I jlaj 

aJI I jJus jj L» £_a ^jkibij ^oLtj (Jl c^Jjj dJLLill 

. oUaj>-*!>L« 

\^.,.~Jis (_jy I ji!l aJL* c-JLS" jJ liL» c,j^J 

!?3 
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ij^- J,l ^LJjJl oj^- jj£j A-JaiSl oJL* cJLk 

f J^JJ^ 1 ijLL ^ 1 -^ 1 *->L^I 

^ Henri Becquerel Jj j^y l£ j<-* -^. 
iSj^ iS Pierre ja> ja JT Ju Ji j . 1896 
Sjl j^-l <_/<Li ^ 1903 Marie Curie 
o^LLI 01 ^jpl jJl (j-* oLil j*l~« ^Ju. Oj.sL<aJl 
j£i ^ aSUsJI c$ j^" ^o^" jj^j jf L$j£c. 
tLip ^jJbJl ^ jL*j . Lj Jbr V j LJL*^ (j*^ 
AiUa jJUai J^J>J.I j V ,.a:Jl I JLa i_iiJj J,l tL j^iJl 
George ^jijjl^ £ jj^r u^^i jJLi U-Aj c u -.».t l l 

*JJ*JjJ J j!j tjOJ 1 - 5 ^J 1 -* O"- 1 Darwin 
^^aju. c^i tdili £*j .Ernest Rutherford 
j jS^j V ^-o-tJl jl Oj jiaJ.1 oLxljjJl 

ajj^. I^Jj tr jJljjVl Vj r jjpljJl ^ V 
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jl j tu ^..t!l a5LL» J^t y> ^-J _y>Lui>fl i»LiJl 

jl _' ■■_ V » jjk>- 4jLiJ-l ^ JL» Ji ^..flT.ll IJL* jlS" 

^gii-o ^jj^I _Jl jt i— * _j yil {j* _j . <— jI jjL| j^<J L^j 
jA_j i)La!L>- aSLW (J,l 4j_a jji^s ^jsr J j^- ^j- 4 ^iLU 
J-JLII II* Ji£ .^L-J^l jj^ ^ J^j ^iJJJb 
jj»_j t4SLk!l_j aJLSCJI jiL^iJl ^j» AvsL>- 2jL-~ 
I oJLIaI) 4,.,-:ll 2j _JaJI <L_Lc jU (_$JJl jiLSsJl 
^Ut L-uiit Jj4 o-s- d905 3-— ^Lijjt L__pL^> 
.E = mc2 _j tVLj^l oNiL*il ^\ is^~\ 
JjLkSl _j im SJbSOl _jy jiLSCJl _^p ajoL-il aJi* ^oJj 

LJl J»L~ L^j 4 E 
t4jiL>Jl Li_^jLt< (J,l L*LS I Ju»r Sjiij t. jJaJl 2p_^*<_j 
dUi ^ .5JliJl Ji jjk jJL/ ^jJt 300 ^JLJ 
jJJU JiLU ^Ip iSy^i S^Lll j-* _j Ll^p ji 
aJbS* JS"_j .ipLx ol jjJLS' j j_L 25 lS _jL-J 
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Jju .sj) j» iSlk LgJ j^l; Sii^Jl j^«""j ciiUs 
Js- ikiUJl j jJli JjLkj 
t$ ^SJI Jl5oVl l_JUt Jl 2lKJI J^J ^SLkJl 
aSLLlSIj SjjI _J-I iSLkJLS' tASLkil ^ iuSUl 
y.^Jj .oibLl *Slkj V _J-I ^SLkJlj yU-SUl 
LjjJl iSLkJl ij^jJl Jl jp- Jj.jk cJj 
^Lt^pL ^ Jl J^J^c^ j t< jjL:.„t.;jf LgjLi^Sl ^l 
J j^- 2LLIS' Sjji jL*fJ JIp 2^j>w5 3j_iL*( a jJLi 

4JW2J iSj^ oi o j^ (lL*Jl 

UliT ^SLkJl j *JbSJl jiL^Jl 3 jSCi c-^i 
Je\ jai^.^iljJpL^c^LLill s Lip^L.t 
L^Jlj c 1 ^ . y> a t L^jdLiS^ ^jj» L^isU? ^Sio-j ^ r w.o.».t.ll 01 

. fi 

o* cr^- h <ii ^ 

^pljti^l 45LkJl Ol Jl ^l—J-l Jjjk ^P Jvs jJl 
jL~j oJj>-I jJl AJlJl ^ L jM.o.,tII ^jP SjiLaJl 
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iJld\*ljj~Jll» 



aB' ^ j t oLkVi oh^ **i J cj* 
jLi* ^jjjLL ^LJ ^Jl ^,,. » ,tll aL"S\j JJjLL» lJj>- 
t l Jaj U50r uSI ^l Ijla jJLj .uUL>Vl ^ljLL. 
Ljj-. JS^J ^Jl ajLWJI ^ JJLjJl ^L>-Vli 
cjIjLL. ^l*i,VI LjJw. L$^$Ci ^--..tJl aJLS" 
JJl* Ljj jjj* (j^» jj^Jl JuLL" Ol UjO (j^— Jl ^ 
jyilS' jjjJJl <u-b^-l (^JLJl jijjjl Oli JLJL. j 

3jLx_>3\ o jSsj oli ^L— L>_>- ^ ^iJJj ^< ^.JlL^J 
Ujkl Jo-I Jjjji aJ ULj ^j«j V iiLkJJ AislsO 
J j#*Jl Ula Oj^j ol ^jP dL*Li _^-Vl J| 
^J. AJLjj i^LLvp jj-w^j 01 LjS" .t/L.LS' 
^ aJLw c^lii SLj^ AiLL» Jl AJbSOl Jj.j^ 
A-a-^j ĕjlil jjy JjLJ.1 <.LiJli .uLSnjT. Aj jJu<aJl 
Jl J^aJ aJUjL j.yO ĕjUail ojlil j^ LjJ AjjL~» 
^Jj* (^JoCj V ( _ ; M.o.,.t.ll jjSCJj cAJlil ^ aJL a_J 
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JL>- j-~=>- iJlij • Lg-U ^j ĕ.iL/A* L ^ ».a- A 
!Lbr Ujj^ 0 j^-" J.sLdl L*«.Li oV '^iJl 
^SJt <J y>-\ ^jLj^j 2ij ^is ^jP c^Jl Oil v_^>«j 
.aSLW Jl 4ii$0l Jj.yi^ 
jjjdoiJl 0 jjiJl J^"'- * j ' j4<. s-LcJL>tS\ JIS* 
<oL» j^ j^-S" j^S* j^ LoL-l 2J^X-« t j ...tt..,» J l 01 

jVfLxJl U . ., il Lo_*J j.J^ t| ^y, JJjj ^jy^-JJwL^JI 

jv>-jj-L^Jl aji jjSoj . e.ij^-jil o /xJl 
j^ 4jj_C- aljJ J j?- jj-Li J_»-lj jjj^SCll j_« 

fj<W ^J^J -ijjJJj^ 1 j^J -^J %£J^" 
£jjl jr* 4jj_C- ol jj Jj_>- jljj-b jryjj^_Cjl ^Js- 
,il)LjjjLjj OLjjj^j Lo_*j CjLij^>- 
J y- Jlj— Jl £ ^is lOl.Woll oi_* Jl LL-^I j 

2Jl_xJI j_- * j_r Jj j^-J L*j yAi j-Cc. ^jJl JjI _JaJ I 
oLijjjy. ju £*Jr\ (jSOr .iSLW Jl 
Lc.j jJ-* «Ijj jij^J ui^jj-^?^ jr" ° J j^" 
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itlOlAjJjlU 

;>L- Jii 1 1919 

coU yjy. ^u.j^^y *j jSO f j^LgJl j^ ^ .iLiLp-^l 
Jean jljo ^ yJl ^Lj-jLJI ^Lp J*>- Lf 
lil A*jjSfl oLijJjjJl sIa jl J»pu Perrin 
j y^-r^ L&jl g ■■^il jL* jjJ-gJl 31 jj ^ JJtjl oJLS" 
t^tJUi -bu 5 jAL. j .aIiSJI ^ J jiii aJjUii yikJi 
Francis Aston j j^J (j-^l ji (jUaj jJl 
^ aJILI _____> 0,7u ^-1 fjJL$Jl 01 1920 
j ji«j^l jjjjJ ^J*! j-" ol L^S" ti*jjVl oU jjjjJl 
J5" jLj-uajl jl y.-x2u Jl ^ jL- Arthur Eddington 
^Li_V o . tl l Lj^-a j jSo ^jJl (ji^r jj-U^Jl ol ji 
^j^» ( ___,».o.,t ll ^j^SCojJ ^LiLS" aSLL» ^ j^LgJl 

jl Ju .i^ jLL. aj'L JM>- 4JU-I L^ijiL jLvJJl 
oj>LpI J,l ^LJLJU 1930 jjjLJl i_>LliS'l 
jjjjjJl jl j^J L jU-j^ ,jSJj i^l jjl t__J _J 
__,>■ VI Jl LjsOa-l J jl ^Ssj:. j j jLJl j 
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OLL-C- yj y jjj Ojj^jOl J^>-Jj jLs- ^ 

^gjL . Lib»^ L^Jl S j»:.* SJajLJl aJL*j cj jjtJl 
c ...^ll; jl g .,^i*jfl Lj_j ^Jl ^LjLSnJI Jaii 
^UJl £. 1939 j 1938 ^ L jAj 
Carl von Weizsacker ^L-jjj o ji J jLS" J,LlSfl 
^tj-^t Jij .Hans Bethe c~j ^L* j^SHj 
CjJL* Jl <dS' jy^jjO^I Jj.j^ jl j>jJl Lij^ 

J^l^p^ jL^aJ^I 0*>UUj' oSf . jiP ^l 

^jAj c4j jill c->L>-jjJl ^ja Oy^-" ^JJ Sjl j>- i>-jj 

V C JUL; j .^^jJl ^JJ ^ VI >1 '^J* 

U J -U^JJ-W 1 o* J 10 ^J^ ik^ O^* 
aLu-aJ cjIjLL ji*£- j_Jl L* «-iJl 01 
.^«jjl ,/?r; a <» jjl o-ijL5 LgJl 
2-<J ^ jt->«Jl LL* i_-iS' ^jP jil ^J^i^jsJ 

.aJUiTI 
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5(jtm ititl ^j^SSj 

iJJLc- LgJ^ .^j-wo-jJl AiUaj Vj5 jW^J 

ol.W»ll ^ J.,J.lll ^ j-* LjjJ jiyj Vj .l-L>- 
jLL jLL ^jLLc. ĕjJLiil LjiiiS" J~S tLjj jjs- 
.LjJUlj t jL. jJLT ,JiJl 696 ^JLJl U jkij t^L 
^Lv-"^l ^ ^ J^r-J-J kiJJi ^ SJLS' oLLjw ^aj 
5j jlij ^Lj Jl iS^y^ 1 ^ oLj^li-l ap 
Sj^LaJI ^LpU^I LJ-aj Vj .^-^Jl 

JJi tj^- iS y oJ&-\ jJl LjUl ^j^oJJl 
^ia^ ^ja ^jjil j&\ oljjJLS" 1,4 Lj jij tl_L>- 

L« JjL«j 3j jp^u ^j- » it!l jJ jJj .^j^jS?! 

JjJ ^Jj^ JijJ>-J-« ^Jj L^^ 4 O"* ^I ; . /» j j^ 

jJLaJl iJlgi tiiJJ-5 •'-sijA' C^l 

i j^-j jP j it S' _L>- Jl Jjj— w« SiLkJl ^ U,.- .11 



30 



? Lr *JtJtjj£sf 

S^-L. jA\ jls *_JL>- jjl t^j^l j ^j-Lc- SLi-l 
_i jj»-j (_jLS"jJl JsLLJl tl :::.-L i<L>- jj jt>-j 
u^j^' Lv SJLsLiJl aiUJ.1 jl Uj .oljUJl 
«...tJl jli ijL> jiS j j~L« 149 ^J-j ^j-wo-iJlj 
Jil* Lf iol j 1026 X 3,83 ojlJ_- LpL_il jJUaJ 
1300 ojjL ^ijjj 

aJ_£ jLJL. jLL. 300 
^ 3j^L- ol jJLS" jLL. jLL. 100 (j\ 10I jLw 

.5JLtJl 

jJL_il c r ».»... :J l oLLLo <_£jJl c. jJaJl ^jL^N-ioj 
«jjiji^l)) LajjJsj .L$Jj>- LjL. jl*i jj-L-^I 

jljj^l jj^. 4j_-IjJ| iPj^J.1 JJLJLi-l ^ j^SJ 

p-l LOp jJJ-i ^lj ji ^-ji ^ J>\ 
t ji^?Vl ^ LblJL. ^j-aSI 4*l_>Jl ^JLJj .((t_.ii.Wll)) 
i jrSr...s} ^ja^- j»—"-'r ^j^ j^LaJl c- j -/»fl J^Lkj Lf 
oJLjj.j i3j ji. i^-j^ 5500 j*Lj ĕjl j3- i^- jJ <y 
ojl 2^-jJ l3^u" ^jA ^jSCoJj' 2Jj ^JaJl 
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~»3S. a-^ 1 ^MI J^j -^r— iJ» 

jPj .hjZ* 3800 sjl J~\ jjL>>iJ V c-^ 

i— 2j£> tj«a «tJl ^j* sLLbj (_£ jjl f jwaJl _Jj Jj> 

Jli^l J.U OLTj .^V-£Jl Lf*j& Ujj! 

Joseph von Fraunhofer y j*3-> jl _/ 0 ji «Jl> j jjt 
sbj^Jl isjiaiLl oLu j^ j 1814 3-^ iL»^ 
i SLl^o jP «uJel j^» _ju j . ^,.. ».,t.Jl eJiJaJl ^ 2LL^aJ| 

J-f 01 1859 -Lw- Gustav Kirchhoff «J> j-j-i j^ 

<L-jj ^jjj . is jJaiLl 3js j, ./? < 3JL«JL«. JjLSj 5ji 

Anders (*jj^— *jl ^j-^l c^-^j— Jl J-^jj '1862 
«Juis ^ t j i *-j J .L$Jl ol ji j_-_i Jl Angstrom 
Ju c5j^ L$Jl JLp JJ^Jl L-Ii. .^«-iJl 
_jlpf 1 1868 -u— ^j .Lg-*JJ jvsLjtJl ^jIp ^ jVl 
(juSCiiJl 0-J.bJl ^ Oj£il «J jUil J^*JI jjy 
(jliajjJlj Jules Janssen _j~ jL>- J jj>- _jJl 
jva^p i_3LLifl Norman Lockyer jj-^jJ 0L« jjj 
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helios jp,VI 2__iSJl ^ ^ji^—» j-*j «f j_1a» 
^j^lj ^L)j ^'L^-SCJl jlUJl jl wLj.^.o ,Ul ^l 
\1* ^ip 1893 2__- Js- William Ramsay 

.A~jsjl 4^pb«-il jjljL* Js 
t\ ys-\ ^iJaJl jllaJ.1 3i__**l jj 2_jl*il i_jLi*5\j 
0_> ^il ^JT o^^Cll jvS»L*Jl (_S^ (J" »--Ji 

(jy^jjO-^Jli c2jLb£ oLa5o jlj '(j^j^' ^ 
c^^^Jjl oljj j> 2JLM j 92,1 Jif. 

99,9 oil j^. L-*j t aJLLI ^ 7,8 f jJLg-51 j 
t5 >Vl j^L*Jl U .^..o.t.II oljj JL^I j* 

jLirJ V ^l jl^l JOM, ijj^ l^A jji 

J-*Li vJl> ^ :,jol ^ j-«V IjLipl coJJli 
C-J jS\j (_^JUl Ja^jjl j jjSdl ^j-^L ^gip 
jjy *j^i ^-t^- 1 L^Jli c jlj < <L>- ^j-^j -(j- o '"Jl 

jiLu JL* j-uy l/ tLr ^Ji j^b ji 
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^..■o-mJI b j^tj j^>[±*5\ Jil jjt jj^t^S^lj 
^jip Uuj c3jVJLI ^ 0,061 

o _j c^j^' 0,03 j ^jjlSOl 
.«lil ^ 0,0084 
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J ^JL Jl>Jl iJu* ^Ur^l j^l LiO:. 

j tojL>- LgjSf ^o-LT LgJl > U . .. .1 5iL jl t^jJL>- 
IJl* j tiiUs Jl L^diS" ^ Ujsr J j^- LgJ^ ojU- 

(ji^-JJ^W J 1 -*-^ J-^"i (J^^i Jij"^ 

jI-^.ai^I IJL* jl isj^j • 4 - L " jj^o c^JJl (• jJ-f!l 

oii^J ( _ r .<...t.lJ ^*>- j\J~\ oUJaJl jjj jV t^j^J? 
^y» ji^jJl ^JlS t^jSU . S-U-I-Ul oLSJaJl ^j^— jj 
J,l jJl ^jIp Ujli ?o j>P j jwoLJl IJLa *_jI j^a 
j^- y» Sj^SsJ.1 ( j,».o..,tJl j t^LgJ^jM ^j- o .tll o ^SCi 
Ja3Li..>i" ^j.o ,tll j tj%->-/sJl SJLiS" ( ^ r M.o..tll j tC—iL) 
^^-o-iJlj t4^_liLJ.I ^-o-tJl j tU-LJ iijLJl I g ,1p 
jvaiij jil LJjt?«j JJl Li t^L>_i^l JsLiuJl oli 
?'lSC-Lf jtrVl *jt (jjjJl (jjl >l jwuLJJ 
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J&j t4i.LT UJJ~\ iJM^I f*y ji ^s.. V 

J js- 4j ^JaJ «-Lj ^ : P»T,..i 0 y> Jj">li '(j^i ^ i " 
4jLj_jiJl ^jyl jill J_T jL- J-l ^ JW-J ^-wojjl 

oUi^ jLll JTj 

.0 y jj.1 

.-JLSLp 4jjjLiJl 4jju-\/l ^j^i k-JJi £-» j 
^ LjJlji JT ^^^^JJl Jy^ V Sli. ISLJi 

jl g ./?iVl i---lia.Ii ISlij ? jl jj j«_Jaj ^ ^j^jj-L^Jl 
V lilij ?4j ji* -_>■ jJ J_j">L> o_Lp 4j"jI ^ ^Jj L y 

?4j ji- 4>-j^ 5500 ^ j - - . - J l ^J-u»' «jl y?- jjL>ti 

. 4J_i_-Vl (j-* ^-*J1^J yj""* ,-ll OjjJaJ ^JlS j 
^j 4jjjJI tLj-iJl (_J? t_->l jj£-I ^jip j-*j Ljl 

jl 2i yuT. ^_i-fC_». Ji*J«l lSjLSAj .oiLi-l 
JJ c (J-aj 9jl (_$ jl-w. i^-.I Wtj jLj-^aJ^I 
4^jli (_$JL!l J-Ju-Jl ^ Ul t4jjiil cjL>-j-JI 
l4jjb-.|jj| LjJLlJg ^Js- ^^-^.jJJ 4-j>-jLi-l oLLJaJl 
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^JJl lsj&\ U . Jl jil J-_uJl Jl Ua*i Ji_J 
4-Up cLLi Jl ( _ g .iL...->.»j ^}U__-VI i_->" s j-L»«j 
. 5j j jJl jujLjJI LL>- -Up LlL» jJL 
t_jLi jjj jj ^-^» t*_jLi jJ_0 ^^»4 51 jJl 0 j^~ 
.SjjjJI o ji!l Jj— ij 5jL^5^>Lv«j <pL-»t_« oUjj^Jj 
^ IgJ?»; oLjJiCjl ^Lulj i^LJj^l IJL* diii j 

y ^T-^jJl (J- 1 J .AiUaJlj al jJl X» i_->«j t^j-wu 

li^__l SljJ j£_J ^ JiLJl J,„l,,.ll jli tkiJJj 

.LjiCiJ ^j^Ul iiLWJl jljJL» jj^H LjjL jSC* y 
y _j_-l _JU- ^jP *4Ul aljJl Jj-»*j L> iJubj 
ij'j>S\ 45LWJI I g ./?a:7 31 tL$JL j^> J_T J-^>L>- 
Ji^-jj-U^Jl jL$-__l jjJ»«j IoSCa .jl^aj^l ^ 
aBJI y aSLLI ^ 0,7 g; jL-J iiUs ^ jJL$Jl J 

sLj_> (jSJj C^LiJa jJjJl IJL* jJ-j JLi 

(*jJ^ Jl Jj^i ui*r jj-W (*' j^j^ ^ ->f 
J5_i ^ o-Lil ^ oLal ^p 5jt_*p J.jL*j L> jj>*i 
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t^j-A^Jl OUi^ jmjl U 



is-^j L» (j\ iapL*- /ol jjL-T j j_L 180 i£\ tJiUs 
600 ^—iJl oj^-j .fU ^ *j 3 y aJa^ 

t4_jDl f j_J-* J! Oi^jj-W 1 

4Pj_*_*_i\ f j_LJl ^ (j^jj-UJl jL_-s__Jl _/_ 

^l ^ *_jjJl ^jlJl ol /iJj ._>!>! ^ 
^yjy. Ov»rjj-W *' y ^'j ' j. "'*'" 

.IjJ j_j_C_J jLjJjy. „,?;_ J,jVl iL- J.I ^ 

Ja_»-*>\_jj tjjjLjj jjjjy. jj-» 2J j-nL* ^jjjijjs 
l-L* j -fr.. a :_ j . jjjLJ ___,! J j_£ j^J jJj^Jl J_>-l jl 
^ji* 31 y _jij^J >-T~ J yjy. ^ ojj Jj ,» 

^jAa ul jj j$ \ I jy^-lj . jj jv j uyyj y.L?\ '3 
'ijv j jv j Oy j c_s' '4 f j_l*> 31 jj ^jjjS^J 3 
__LJ aJLjJI iL^J-\j -uyyjy. jij^ u* 

auLi p-i u> jiW ^i cu^ului ^ aJULJi 

Jl oLjJj^j ajojI Jj^ jil _y> tOjJj^-OjJ^ 
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<J>^hJ-\ ^jt- 2^j>-LJl 4SLk!l ^jUo j j_l* ol y 
<_£ jJI as-j^ L* ^j t5-S' j^- Jilt J^-i ^ SiiSJI 
Ujj>- Jju UJ JJLJ (j jJI oJl* j . JpLiJl ^ i^LJl 
.0L0U2JI J*>U- LgJl ji^- Jl ^SLlaJl o JL* ^y» 
y ijj>^a ^S- L» (_£ L»-Lp 

tcr ^ji p ju-i ^ur t j^.^ji 

tCNO ojj^ LjJ-^ jJJaj t<_s j>\ jL^iil aJT 
IJl* t^jy^t^S^/lj (jAj^-jjwIlj j jj^^JI ojj^ (_$l 

(Jl U^jj-W" JiJ^"" 1 ^ ' J-*^ ^J^! J J^.J^ 

c5 j-* Lc-LJ j jj^^Jl ol jJ j_ .,^?;ij . ^ j_i-* 

^Jju j_^ii <JL__Jl ol jJl _j^Jj 'uV*rJj'^J' 
. ^ j_J-* ol jjj jjj j5" ol jJ Jl J a :"j L*jl jJii»vl 
<db>- ^J-P Oj-L»- li^j J-s^Vl OjJ j^Jl jl Uj 
iLUJ c^>-l ^L^jJl oLj<il jl Uj cJjVl 
_j_j>- jjLJl j j jJ.j^Jl »JJ-^ <U<aJUi-l ^Ls^J-l jls 

oLi jjjjj **jjl Jj jj^- ,_c? jil J^j Oi=^--^Vlj 
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jJUi oJL* j\ § ^JTcJlS" lilj jJa ĕl jj Jl 
t»j^«Jl JjjJ L_Jl il tiJLp ĕjl y- t^-jS IJbr 
cL$iiU* ^ ^L, ajuL" J.I Ak50l oli ĕjU-l 

2 ,. :.; (_£ j^i j»_aL^o V il ,,^ra->t^a ojl i>-j.i 

JUl ^jLJl j^Jl 11* t^^^JJl iiU? 5jlil ^ 
— j jjj jj iJLJ— J "CsLls ^ <o'lil ^ 98 5^— -^. c/-^- 
c. »i LJl o »t ,uI j_gjLi!l ^jjjic^j Vj -ijjHjy. 

!^—J s.^A J^ '-^jLJl 

^ t±jJc£ V CjMpUJI oj_$i tLk>- (j— J-J 

Vlj ^jSH j SJULJI ĕjl ^J-I oUrj^ 

j j ./? i I Ji jL>Jl ^ ^ j>- jll (j\j>- jjJ^Jl jl_xJ 
Vj ^ii V S /i< ISL-» (j^jt f jJU Jl Jj^j 
lju>- AjtiU Ojl y>- 5j>-j^ ^ *V[ *V L$j} . j-ij 
. «LljJL- 4>-j.i ^jS^jt oJ_p £-Ly 
Jl L^niJU j oU jJ-CJl -_j J_4 ^gJl «S» j jJl o jJl 
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.j^^H tSy* ^ ,_r^ ^ 
jl i^>*j tjyljj Oy jl^-^j^l (J^^i i^^J 
ijJ^Jj >( ^<a*Jl l<i^i/}«; IJj>- iji^i j5 LijS\j 
I (j Jj>-jj t9j\-S' oLjL-w» (_£ jJl ^jy, J «" L»-Lp 

JJ-Ij .^jjiL^j ^ IJl_J t^jjL; ^^5" jJwn ji jibJ 
^ j tAjljJl 9 j__5" 3jP jv-j La-U J^j -L_j>- jJ' 
Jl Ijl ^la.,^1 Jj-U-Jl L^hIj? ^s-j jVi,h"i tiJU-l aJL* 
Ljju» «-i>J i>-j^ Jl ^y 2 *^' I g ', ^«! ^j-» i—jIj^^I 
.jL^^iJ^I Jl L^Jj LjT ilSjjJI *y Ji 

iji^S' 3j?jv-u. (_£ jJl -L« <j\j cJ9_>b>-l ijUj* (j-^J 
i| g, . .. i'< 4.JLo.»Jl ^L»l La ta jJL L^j-^— oj 

<_$ j^> 5jl jj-l c— J t^Ljj^iil jlLJl (_£jJ (.9 jl jJ-L» 

UTj jJl jt oljJUL! jjidl jJ> ^l jLui^l 
i_>-ji) Ij-jjJ . jiS^ jJaJ»' t9jl j?- jisl dJLS' 

i>-jj (j_J*A* 0 J-P £jLj 9jI j?- A^- jJj (_£ jJl (jy>«—- 1 

o*>LpL-LJI Luj Jj>- Ll* ^j»» t j _ ./? :" 1 _ !«■>.- 4j ji« 
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.2jjjJl 4jjI 

CJ g .--'1 I jl oL yjji jl jl Ua*-V jl (J;" 1 

Jl L. ikJ- ^i V j^o jl -b V tjy jj'j jj. Oli 
J,l Jj^o L«Jjj? Ojjjjj jJS" 01 jLLlj •u±>js-j 

JSsJi ^ 4j_L* 0 J5" ^ jv2>«J 4jli l jjj\_j 
^Aj aJjI ^jJ^-j l jjj^SCj^/l jLa» jl tOjjjjjJ. 

ijj j jJl iju J jLu «.Li oj&L» iij~b»<jj . j^j jj j-J 

t^o-tJl ^9 0Jj»-jJ.I 0-bJjtJl oL JjCSCJ^I _b-l j 
^ j^J ' j* - ' jvalP (_$\ Jj^^i J-^i jJ jUl L«l 
jli jj«-l OjLju . ^ ...o.i. tj l ^jiaL ^ja OjyiL» 
Lf tOj^j jj j*Jl oLj^>- J,l 3 , , . ; IL 2iLLi ^j*aJ^\\ 
o>L JJJtl. I j 1 ^ - oJL* (( j^J jJ jUl oLjj^-)) Jj»>sj 
-.o.. t,ll ^jJ^L ^j) ^jjJ ^Jl cjLLojJI J j?- oj^La 
J y- Sj ^JaJl £■ iLJl >y.W:.-,T V CjLL^P ^j 
t^LJsljCil SjLjiaj LjJLSs-iJ JLaJ jt (_£ jw ( j,.,o.,m.II 
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CjLjJ\>- j) ^j» AJL^ jlj&S- J oJL» (Jl jJs 

tdJJJj. i^i-^ (_^l oli j«*iiJl JS" tjjyj-Jl 
ol ^ iIj^j Jj Jit j-Ip Jl «.LJjJl J^ jJ 
.j^o-iJl Sj ^Jaj oj _pr jj oLj (_g JJl i3lj j> 
,j-l-Al 0 jJ L$JjOj»j' jLsi JS" J-ijJLi Otb j 
illL-^l l5 >Vl oL^JI oy J^U-I ^LJL, 
■ IgTo.i Jj^ ^-jiJl Jl c_jjwu_ __JLiJl J**r bf 
^lsT UajU o? Jl I >y Sfl O ji^LJl jkJci { j 
o-Lji t^-^-iJl j V j^jJj-Jl Aj.^iaJ ^ 

Jj>«_-J J j?^Ij Ji j» o.,.tJI (jlsLj ^ Aiitidl oLjj>-l 
!L*JwSj J^.t.^,1 ((Sa^AP)) j^i» ^LSs-it 
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jl ( I j ji ^ -«.. " .. J l i_j j Ju jl ^_lC "V LJ 

--^Vl ^ jl t^JJ-W 1 (>* V J^ tL rf J* 

•J 1 /- ^J^i/" uyrjJ-W 1 01 J^ 
ji ^-JaJl i_JfcJu -L5 (^^i ^JLo 

aSUs jl^ .a'I a-L^- JS\j t^a.,^ L_»- IJL* 
^ y L.-Upj .(Syl>\ ji>t—J <j,l (5^>jj ĕ j\Jf 

Lf tj>Si (j ■ ■■; j(j jJl oJu* ĕjl 2j>-j^ 

I g. a.i (_£ jJl i jJl ^j^j-^l 'j>Sl aJU» jjJ^j 

. jJLJl jj IJLSL* j tji^o j>Sl SJ j^— j Jv ■/?::! t j£fl 
^UJjIj a jJL ^jL-wj" ajjjJI ajjI jJ-I o*ilpljiiJl j 
_* ji-l Liuj jl jSI ^.j.Jall ^ .ajl ^J-I a^-jj 
cSjL' V LjJUp ^ Lji^U-l JUi^l ^ 
^jj? ^, - o , ti li (i_jJj>«j Uuti jl jJ-jj • f - i _f* 
Lj jJl> ^ Yiv . < ijija j«-<Jj LgJ Ls c j j£j £-*^r jl 
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dJJi ^Js- JjJ U5" tj^Jl Oy"^-* -j-^> 

jil i]L\A jt Jb ^ .oli>cJ,lj JL^r jJjJr-l jLT^I 
^j^o ,tll ojl ^>- j^s^i LjjI ^>- lv.t;« j t2JajL>/5 4JI 
4JI j .a jJa-— Jl jj^ Lprj^?- £j_Cj aJL>-IjJ| 

^>-^L) jl I g ai ^ .-«... tJ I SJj^" jj jH 
0 jl ^J-L J»a:7 oiLi-l jl Ja^-^Lllj .ILoli-l 
^jikJ LaJLp ojLll (j^— j LoJ-J ca^U- 3-2j Ja> 
jjj js^yrT.-i jl .iJwajl IJub ^i^o t4SLk!l 
tL->Vl <L> j-o-^r jli t jLJl (3 ji ^ j-/» j-« ^L» 
(JjUj t\ c^LoLi-l (Jj J^ ^jjJ- Lg^j lo.j 3jaJ J.I 
JLaiJ L»JLp ^j^— j tolj>J>l jl oLi jjjjJLj ^»Vl 
j-Lj Jj iSLkll AjiLi-l Jjs-LjJ jl (^JJ .^LkJl 
^Lp c^jkj jJLSi ^ ^Jli t J j^l 2j-*jJl Ji Liji- 
5iLt5y tL-iVl £j/^~J ^H^Li-l 0 ji jl . jiii j^ <jl 
ipjuJlj ijj<2j»j. ^ I g ,/?«; Ji c-iLS' UJ5" jj5l 
LJLpj .ojl y>- A^rjJ JjUJ J^LjJi IJLjj 3:.-?dl 
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l jjl jj Ow?j ^Js tLjiSn ^j* LlP j-o-^ j j£*> 

SiLJj Ja-* j^»j ^j' j 9 " ijy. iJ-*^j 

LdS"j .Jj— Jl (^^^^ <J^^.J 'W*trf J ^ 
i_r^*^J '*j' j^' ^tj^ ■ » ■«■ " jl '(»-><J-l ( _r a> -*-' 

^jdljjl J*>- (^jjl l.,., Jl jJb Ijjbj 

l_£Jjj o ,til jl jLlaj ^jyjlS^j jj j^JL* 

. LjjP-La-il Aj>tji «liUaJl JLiij LgJl («-^j Ljlj y>*~» (Jl 
^jLp iiaiUJj j jjlS >t« ^jjaSLj" V o jSliJl oJlA j 
AiLkJl yjj' ^^LiJl J^U- a-oU-I jl dJJi lAiLUl 
aSLWJI UaJj t^j-woJiJl ^L»Jol J*ij o.i jJLiil 

o S 

<LoLi-l jl Jas-t^LJj .Ljljjsk— j 2jaJ _J.I Sjjl ^JJ 

>»Jlp SJL» (Jl ^jiji^ L$jli o-LJl LjJ cJL»- jJ 

tji5l C>u t^j— o-JcJl c LoiSsi tjl jk^J\ 

J^JLJJ J->t>w- Lf t. jiSl ^aLjuJ iL^pLlAI jljj 

IjaLUj jl (ji^Jl j-^JaJJ jJL=««j j .3 jJa-^-Jl ^jj^ 
^)Jli-l jl jJ»^^l j*IJbijl j»— J Ows jJl oJl* ^jLp 
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^^iJ^ jl Jj-Jl jj^, t_JJ:> £»j -^Sj^ 
<LoLi-l j .^jU—Jl ^ja ^ji-^Ail CjL_« J_» ĕ ji:,» « 

J^ii Ju jJUi ^ L4I1. ; yt— > 

L_$_* Jb-lj Jf jl J*iil l_~*jJI_£Jj -(JJjj^ 1 
iLjl j>- Ui. L. '>_C_J >-Vl jl yt-l ji** 
^ jL__j t<L_»-|jJl o .,tJl ĕjl c.»o."jl lili 
.2JLkJl _r» L__li ji jJ JyjjJl ajjI jJ-\ cj^LpLLJI 
i_Ji jujj: jj ^jj? ^ o.jL ^Jl »JLa ^iLi-l J«j_j 

^_j|_J| j^. jS\ 2iUs Ju-UJl l-L* j t_,- «...tJl 

_,_jL>_Jj t tj l i__U ^j^i t_JjjJl _Jjl jji-l 
^ L_sLL>_l 01 _JJj t£t— _r«5_Jlj .Sjl jJ~\ 

J*-j_jj tAjjjJl ajjI jJ-I o^LpUJI _J_j 5jI jJ~\ 
Lf t_y>*~^ _jJJl _-_)-_Jl <_Ji (j-J-J «LjjLi-l 
j__oj .2iL_Jl gtey JbJ_r ^ 2lSt>_aJVI _Js»j 
^...-jJl Aj _J__» t3-_j&J_4 AJbuL t£jl ^J-I __IiLl 
Ajlil _i 5 'U—jj ji*^ Ujjjl -"t 0>^ 



47 



SLj*- J| JLSj j .ij^^l <U_* j jJ-« AjIoJL* Jl jl» 
,J| ^«.-J ^jl AjiLi-l 4J-bj 35" ju> 1^*1 jS jvj4 
^ j .oOjJJ ,Jl ^JL^ (^Jl 4JJJ-Jl AiLkJlj c<UaJiJ 
i»b L c^jLJI Jj>L*jL; LJta L*jl jlsl ^g.:.;" 55" yc* 
Jau jjJ j^li ajjjJI aSLWJI ^ jjj^ JL* 
L.UP j .^Ujo^l ^LUaJJ Lj>- Jt> yuj L 

^JLc ^_C?xJ cAjiL»JJ Sjjjl ^,,,^" c jjJ^^Jl JjLj 

.^<kj4 ^ j-J 5" jj5o tiJJJjj cjL^J^L. j^j>tJl 
Ja-Jaj ^jSsJj t^jl ^ c-?i« Oil JL* 
,jl <L>j>cJI (_^Jij ^<ji cUajl AjiLi-l L$Jl ?<Jjl ^ 
.^■LaTll jJ ^Jl AjjjJI O^LpUJI (jilaJ jl 
JJJl ^kiJl j <U_SsJL; j jl jJl Ojl ^J>- Aj>-jJ) J>Jl?0 j 
-Lj a5">Lc- aJsL^j L$J jl il Cj*j>_JI 1 - g • I j 
.^kiJl (^—-^p -LJ j caJLSsJI ^ <S*]& 

^JbJ (L* jkjj (j. o .tjl <LL_T LfjJ «U^- ^jOStj LcwJj 
cL>-jjJl ^ 4.»,jaj (Jjl jJ-l j jl jJl 3^>-ji 
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JjaiL. (JL»J jt ^j^.^ V-L» *>rj3 ^ J -h jiil 
tti^^UaJ^L; AjjjJ"' Q*)lela."JJ ^.o-.,»j ^j^i tl g:« 
tUa». ^ Jbj . jl*JJL I :.,..„ .7.1 JULj 

cJLS"Ll tol y> jt^ /ygi ^..«.,7.11 aJiTcJIS" jJi 
cJlT ^JI t^.t-H jL-i^ aJlS" Sjl >l A^jJ 
Ojl jJ-l A^jJ jt Uj .JbVl Jl Jj—t 1*4 JJa^- 
jjl jj Aj^-jJ aJ LoJ»tJa Lkj£ jli t<LLSCjl £jLJ y 

o*>LpILJI <ui ilJl;A>- j/ 1 j^l (jJs*- 

j^-jj-L-jJl <J cJj^^JJ 'Jj^t 4Pji*j 4jj jjjl 
' ' ' - - 

Ll tlJujj l-bjj (Jj^j jJu^JI *-?«-Jlj ,jvail 3j\i 
l^p jj . jvtj 01 juJl A.«^. - . b ji-^Jl j^Jl 

j>Si jlj^- ^jIp jlW;ll jji Ljitja Lj£ jl 
Sjwai Sjj J Ajli tj^-jjJ^Jl olji 

jJw o j-°- f ' ^ ■" j-"-oJ l-^J • ji*'. 1 ^ i* - ^**^- ^JjL*-" lJb>- 
cJLS" I il o ..iJl aJ*>LLl*>I jt l_jL«J-I oLij . Lt>- 
o*>L> Ljj«» jj51 Lkj>f jli t(jvi— Jl oljLL» 
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jLLc. JSVI ^jIlp s j^t- la~» ji* (J-**-» 1 'I y 
jLJL» 100 iol j> i_Jl>-I ,j~~M LoJ-> 

taLi-l jL J jiJl (Jl (ju?-L!l ^jAw-j IJ^- L IJL* j 

jjki ji jisOyL oi^ l. tLji^ jsSn Jlp 

Lc. JL^I Jlp jiU ^i-ji^ ^ ^ VI 
ojJ^j ^JiiiJ ^l jjJa^l oLJV ^« '-j ^S" i^&h 
. 4jli^Jl Lc. iL jJ? ^ jl« ^jLp La jUT 
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o^ApUJ Jl 1*3 y L; ... tt ...tJl ojl^ oJLS' lil 
^j^tjj. VI J»:.t" jl Lgj^or V * J -Jj > ~ 

liLii (AjjJU 2j>-jJ iju"}L oJ^^l-i Ojl _>>- oL>-ji 

A^-jJ 5500 ^ .-« -t JI £tk- Ojl j>- l>: j^ j_jL>i V 
^ o^S" LUS" 0 j5sj jl ^r-t-^JI ^.LC IjL j ?4jjJU 
i>-jj OjJ-* 15 Lpjl j>- i>-ji ^Lj (^j>-jjJ^JI 
?Jbi-l iJjk Jl ojjL ^o^tJl I ili tJ l „,?:■>■ L ?aj jju 
^Ul ^ VI Jjju' V ojl >l ol diii olj*r 
. ^■W , J l Jl LjjL ^Jj j-i j^ai hjx+a Jjt L_Jlj 
oLLjaJl oJ^j a .tll 3-?rjL>-l oLLjaJl Jj»jj 
^ L^ oi_pr jil SJLjaJlj .L^>t-*j_j 5JL>-ljJl 
LijDJ Jsl IjLjJ ijjjf JjL" L$i ji ^j-J ^tk-Jl 
. o l.a. L^jjI _^>- a>-jJ)_j LjxsLzS" _j 4L>>«^J_j 
ojLLI o-ibjl t^» «...iJl ^ Ja j-^Jl f LdSj 
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£-4JjJ tAiliSsJl Ojtajl j tJai-jaJl J iL».aS\j 

^ IjjIa jjJ» 15 Jl Jvaj' 3 jl jJ-l 

L*ja1j o .tll C-J jSsj t"LpLi-l JjuU.j .^JsLjl 
a-bl jjl a jl j Jaiu-Jl j AiLt^Jl j> oLLls ^j» 
4j j jJl oMe-LiJl ^ jL-ii j . <_jliJl j> Lj j3l LJS" 

i Ji jj>_ Lbo IjiiS' £_ij jj" ^Jl ijl jJ-l ^-4 ĕ jjL 

J& SjLc- 2JL~4 ĕ ybllaJl eJjt> ^js- ^s-uJ j .■<>■.* Jl 



o~>- t (J ~»--Jl ^ ((iniLJl 3aW:lli)) c4_«jb^l 
Ji£ V tfjJ-* Jl o^Jj-W 11 Jj^i Cr^- 
aj'LLI ^ 20j t^j-^-iJl ,j» aj'LLI ^ 1 tjj^ 

Jb>-I j >vjj>- ^ £t^J 3JLWJ\ !_jwaii IJlJ t jkiJl 
JoLj L (^l tL$i» f.j>r <_jaJl ^j» i_Ji j 

V aiLUl ^bl jli dJiC* . JaUl ^ «lil j 10 

<Ljl aJjt> J> t^o-iJJ aJSJI A^jJJ I jj£ £-^H 

L-Up SlL .SiLkJl £li,V t5 j^b h.„^", M ^l 
tL ^ ĕL>- ^j» ji^-^l jjJaJl j ^Lj^I _J->o 
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?jj-l II» Jl iijb^^Jjl Ijll 



_J__j> ti^JUJU UJ I g ,,.ai J_X_IJ J-*j a^jJI jli 
>j UJ c j y_JS ,jl » jJLjJl J j^- J*>U- j^J-l 
olij y>J.I _Uj JCC- -WalaJj t jA^-Sll <J*)U*Il ^ 
SjL JaJl _Jj>Oj .j^Vl fj-ll aJ-»- ^ ^i *JJjJl 

3 ;j» ■ ^ll ; (jyt* ^Ltil 4\jJl LgJ _jujCxj ^jl 

._>lJ^Sn j^ A^Jull aiUaJl JU _i ajjLidl 
5-U.I UL_^ jl Uli ciSUaJl JiuJ jL_L J* _SL*j 
JSCjj UjJU_J jl Ujj tl ^ ... o i LJUL_I J_p 
t jlliJaj U* jrCi ^JaJl (j^jJ j .-• jLi-l j^_i ^Uil 
J Ja-jjj Js 4j yu. j">Uzj ^Ui^l Vj o_Lll *>\i 

.«UsliS^j ^«__J| ^-JsL 5j| j,- 
lOjl ^J-I CjU-jj i_3VI iUJaj j_J-4 -UPj 

jf coljLc- JJ c aL'L_JIj 4.1,/;ll «Lw^-^l J j^_J 
aJj\SC L^j'1 t a4> OljlP Jl «w»Sfl _JLc 

Ajkj^-ll LjjLijj_>Jl _/aj«j OJuii cLjIj- ^ 
jj^» £-LC Ja_» jJl lJL*j . Uj*)L)l J U cJ-Cij 
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t^L»-i^l o jSJ oL.jJr-1 coUjjjiJt 

i>* J-*> (^" 'c/- 0 -^ 1 s-^ Jl J-"> ^r^- 
ol jLL liJJl UlXAj cL\^Lai*l ^UiJ -bJb>r 

L^islls ^j-i^J I .t* Lt*-ij .ol Jj oljLLj 

^Slis oli oU jJ jiJl (ju%» J,l \Ls>*^\ 4j jiJl 

jl iw-j^^jJlj .(^jil ► j-^aJl oli jJji (_$l ti^jut^l 

!0>^Jl <J»Y5l ti >=~o J. L....U IJla 

5 aU: - ^ 3j>Jbil ojl ^^1 oJjJui oLi jj jx!l 4~iJj 

ia^j J-l ^^taj tlJL>- *>L?tj»JL« I .,-»-». .t ( 1 2l| 

jytP wLij>tj ^ ll» i^oLJL) 2hr^ * 4j>-L>i 

0* ls^J^ ^ tj^JlSL. ^ (joLT ^L^il 

J^utJ tAlilis jL^_Oj tol ji j j^xj (^j^ ' « @ * * ** 

Jjt>- ^ oL!i ^iil <uSJj tl-Lu oLaJJI ^s- 
^jo^J» ^Ja jp t^j^J . o JaJ^jj j>^j ^ j-»^r-l 
J^tlJ t4i»LJl ia~«j o ja\ y 5L>tP ^jip Jb>-lj 
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?jj-t IJLtJljjjL^.^Jl Ijll 



^ La-bT ^LkiL) oJUJLiJl Sjl yLl ^jJ—i^—j iJL^l* 

ĕ ji i ■>- o jLiu ^LLL> n_la.ll ^ (_«j|j3^fl 

.£\*J>y\ jjy> JL\p UjMJl Lf-.jLf ^l ^JxJl 
(iJJLiJl c-LoJLp L^i^L^jj ^jJl oLi j»„^ll ^jy ^j 

J U? j^ £^ J^" «-^J tJjJj^i j«-*J f J^ 

^jIjnJI Ul» 4»,,Wi ULdl jt-^ijLt* 3lS t^Mo ,tll 
3J jjk ja L^Jlj 2^sU- tL»jMJl i*Lp ^ ^Jjt^—JLl 

jvsLjJl ^jji jt jlll O jLidl jt^JL; ijyS 2-^-jJL 
tjvsLjJl oJokj . ^jJ^Jlj jjorjj-U^Jl jiP (_$ j^-Sfl 
jLtl I : ■» JI>-jj Juj >l tLLL- _JJi L_j LoJT 

L^oJT (j-LJ _„■»,. .a, L/f t ( j...o..v.ll ^ aS jjLl» 
tUJjJl jJLSj j .4jfLf- UjMJl Jjt>- ^ Lajjjs j 2iJb 
( jjULJ,I ^ Lj jjU <L-L*Jl J 3J jj— L$Jl 
AjLLI ^ 90 ^ jwl jPj t Ja- jJl JJI 
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? 0 „».i,ll OUl^JuJl U 

.L>Lto*jl JtSl Sjl >l ^rj^ ii-s- lJM >Sfl ^ 
V SiHl jl iii^JJl oJL* I, :<>„;? Lui jil 

i lSll ^ j^illl eJj>-J ^ldJi^yi jlj t LgjlSs^» jOU 

^jip s\j> jJi ^„^i L»Jjp ^JL L* jAj jLi-l Jl 
aJjI ^p- t^Lill ^ ^j^— j «-lili t^jLi?- jLi 

. LJLkJI «.Lil CjLSJs j>«J jjw? jJl (Jd ji» jjP l^ jJW 

4JI c-Slkil caj ji jLi ^Js- tSl\ jJi Ljwsj lil ^jSJ 
tSi\ j ^k..,Jl JI.U^.^y-LJl tlili tiiJbi Jliiil 
jSJi ^ o^lil cjLS" ^p- Li^J j .4jl5J» JL»-tj ^jLJl 
ĕ jl jl~\ jLSil oLS^ ^p- jt^il LjJp- (jilajj tJLip 
c-*s- t^^o .tll ^ cjJj>*j Ji j*)i\ .J^i-L 

iai-iaJl ^jjsLL^J^ I ^iii .j-Ujjj jlp 4pLSi JjwaJ 

4j>LtS" ^ jil L^iLtS" cJLS" lilj .^Ljjj^I 
..s j»,,^ll J-^»l jj LjJli ^lj jjp LgJli tia-^J>l 
J^J-L ĕjl j^~\ jLLJl <LLjp- jl ^jii^il |»Jj> ^ti^j 
^JJ yj .ĕj^S" <Lpju~j ĕjl jJ-l 3j>-j^ ^Jals^Jl LoJjp 
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?jj-t iJjbJlisjL^r+JJt titl 



j (_£jL$Ijj (jJs>Lll ^jkM ^j ^tla— Jl y*J> o-lll 

jLC 

jl t^MO .Jl ^j^^i 4oL__i-1 l_. ,t*j .o_lil 
j J\J iS\ a] ^J~llj\ >l jLol 

^~Ai_ t^rW. Jl ^ L> 4i_\Jj 

jLol J j^ «-j^ VI Jiij .^SLUl Ji 

^oLJl J yjj <_£ jJl (jLtll Jl J-oJ-L aSLUI 

aS" oj-«> t_J ^W.^Ii t^^ tt ."Jl J y- Aj JiJl 
. I gT->- j_C jl_N-C. 4j. jju-JI y J*^ 

^j^oJJl v_Ji j o jj jil a5LUI cJLkjl tl j_- 

^JaJ J—-J Lgjli 4 J-o^-l ^l Jr^jJl Ji ij^ 

AiLtiCJlj .^uJl Jl jcl-JI ja J>T1\ oLl. 
V ^bui^l jl .JuuaJl _y JLa L.j!5Ul J 

i3 oI-Ijjj^I (_/2*j (Ji^ Laj_>-j . L> yU (_/iij>. 
(_$ jJr-l lJ">UJI I Ia j o-j^- jil ol j jJl 
_iL ^ VI j olSCJL, _T,jJ gjjjl ^-^jJl 
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14*>-j ^L ^ j .^o.i. t Jl jjL*j ^Jl oUjj jjiJl 4jtj ^ 
iJLLi. i_jLLi ^ ^ .~q:.~a Jsl>- ^ 4.5.1ia. : » 
((JjISj jLJ Jjii (j^j^l <ui ji^i L^Juyj .«lLLS" 
^j*-*j/I ^ & '"".j i£<dj cJlj L» ,_ ; -■« . tl l jl Jj"tiJ 
5i>-LJl ^lJLp^I jl -^. t j£ 

Ljjl tlw—S'! j5\Jl _j\J L« f.\ ^ I JLjJKJ ^^OmJ 

. ^ -.^. JT .Jl 4jL*il 
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Aj j jJl o*>Lp__JI « ,i.ll Aj ^Jaj ^%^>r:.~7 
jL-jlj "LjiLi-l j AjjI jJ-I L^L«L>jJl jyl j5 j 
^Jl oUi^Ailj dJJj jjLL"j niUj ^L*J-Vl 
oLaJaJl ^jj jS\j j tLa jJas j o ,tJl SjlS" jJLii LLu^- 
Jl jJs>L ^rW.-ll ^Js- *il jJl * 4iL_f j tJL?r jLi-l 
jC-Lii ( _J--^"' VI *J _JaJl a Jla ^Jp j . Sjiiii j-« 
^jSOj t^jJl LS j-LJ L»5* ( ^ r n.«..tll ^jp aj jwj 

,jLi ^jill Ai?r7,-ll oLiaxil ^IiiLii V? Liajl Lj-Ip 

j jAj> 600 Jl« !>LU (j jJcj ^j-^-iJl ^Ltil jl 

... . > — * 

aj ^laj ^ yi ^ — ^ j^l Llsjw i_jLvajj .5j-u 

^Jl i_> jLtll J5" ij^Jai jl Lfcip jl j*j t( J _.. t , l l 

_JlL>J V ^Jl c» j^^l (* _f*-Jl (jj^ L-l:.,»:^! 

. ^L~&l Lp.jSJj Lj-L_T ^ VI ^ iJl 

oJL* jLWl ^ 4,;.U ^oL-Jl J5" jiij 
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^^j^iSlOlAJ jijlU 

^jA L« j__C- i_J j_j \\ LjLo/C Lj j>j 2j jjijjl 
^L_»\Jl jlW:7j . — W.-ll _s J_-^il *3li 

^j^t 4^>-Lv!2J L-J 1_ l.il -____» ^ ^jy^-JjJL^Jl 

jjp o ,7. ll jj— J £«-JjL7 *Lj _Lj_! ^ jJ-gJJ _L>ljj 

ylj_ ^iJJl ^jUill ^ ^SUJl L$i_Uj .^jJl 
(jj\ jLi_Vlj — Jl L_*j iU_:p JSl 3i y<-« 
4j_»_>s-« 5j 4jL$JI ^ LgJ J__»_j ^j£sJ t J-~^-L 
-_>* jLL 4,6 J*>U- jj_J (_$_Ul j^_^Jl IJl* 
(j jjj .^L_._il lJi_*j ^Wiil l_L* j» jJl -J — J 
2J_-I_l!I tji-rjjJLwJl _j_>L_-I jl — oL_Jl eJL* 
^LrJl -LiIjjj jj-*— 1— lail ^^U" t_. ./?■■>— I LJ-T 
j_1 a ..._.:Jl ^Lol abjl tdJJiJ l*Jj .SJLkll 
^ 5j 1-—-' jLL 4,6 J— • aJLII 27 2__~j jiSts 
_>bjl j .5 j^-^l a_- j jJL. 600 J*>U- L$_. -jlil 
i>-j-i _J_>j t_i «■./?! -j>>jj Liajl jla—jl (»-'*— *- 
^ ^L-_i^l ^ljjj—ij .oLt Lj yjJ — Ja_Jl ijl 
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t^r+jJliijbi^jp&nSl L&Jjt 



ljL>- jiA — ^ ^_"j cLj j-5j I ^ ■■ a ' oj_j jJL J.iT.-ll 
tS_^ jW^" 4^8 Jj«jj • jL > <-Jl _/*^ J j' 'J^r 
J*>U_il J,l (J ___Jl i_Ji ^ (jy*-jjJ_$Jl ilij 

J js__» LgJ">L>- j t((_-— >-Vl J*>U_!l)) 2UL5- j» 

L*wb«j ^-J t t_~LaJL; U^-wtl ^jy- jjwL^Jl ^j- o .tll 

L$^j>- .aJ j>- j»j ci_JLSJi * j-LjJl j Lj . /?i l 5JL>- j* 
br ^j^l jl-u j--l J^>- Jl _j*>UJl jJ_i jjiC^ 

Jbu ( j..-o...T.Jl a"... t JjlJ I ft_*J . L$j Li Jl __j-j^_i 

— ^s_jj ,L^LWL_>-I 4jjj_I o*>Lc-L_Jl Jwi__J jl 

t^J—j _j^__ij '^J J— * ^J!*-^ 5 (J^ci' L_4 
. 4JL4 l~* ^j-J j£-\ ^y^s y> UL*j 

?£_L_Jl oJL* ^ j^S\_>_Jl J,l J-r-Jl 

4_J>_^_« LgjJ J j_Jl j__i-l i_jL ^jA 0 J^_-— 

_JJ_ «-«j ! L* j>— o— J *>L-sl t oL_>-*>U,l j 
.oljLj>-l ^j^^L>_j _jj_>-l L_Ji jl j5^j/l <__>- j 
_jLt>j>- Jwys ^jJUcll LjJjl Jl LjAl il)l (J-^wJ 
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jLl>-V Ji«-jj . ( y...,.7.Jl ^jj» «LoLi-Jl yjj j±S\ 

l«->t-Jl l-j-^j i^j-. o ,i.!l l_jL)JLo -U-sj ^ (_iLiJl 
. j jljJ 4_*->j ^ CjJ-^Ij L^-jj-UgJl (illa. 
tL_jL--Vl J LLsi jjl jJl l-U Ji^-I lilj 

^ 4Jli tL_s jp ^Sj W ^ is yL« ^LaJ JS 
^c__jj . 4_>- j» jLi__l ^__> ^jp _b_v_>- ^j^» 

L_i-Jtvs jLi_Jl aJl* -iJU-Jlj J__i_J_Jl L-jLla.P ^jP 
a-Lc-j jL--l 4_i_jaj ^ju L- ^jlj-y 0 ,-.-..."Jl a-iLl 
a-L* S-^L^j^I Cjl_f jsLl -L^j ^j^.J t<--jl 

i((jJjj:> jJL*)) Jj ^is ^jP £jLi-l ^y> 

.-iLkjI -J^U (_£_> j^-*«_j5 J ■k; l_j_jJbi j.o .ill 
i_Jl> Jl -_j»____Jl l_jL>- jil eJL* JJ-£ ^jSsjCj 
l_j j ■ /*\\ \c-j*i l_jI jjij (j^Li ^jj» (_$ j>-l j j-«l 
Ja_- jJl -iL_>J ^,/?>J 4P j_Jl e-L* jl Lc.j c^j-o .tll 
L-ljl jL$\_«^jJLi ^_t-U iaJjI ^j>- -_>-j_Uj ajoti cS-Ul 
jSoC j . L^jLW* - W.,/»j ^..-....Jl _j Ji_i ^Jj j*_>o__J| 
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Jv 5Jal:Jl o Jlk lj->- jS ^L>*~jVI oj J jiJl 
jL>-VI jLu.j .^-...iJl ijjajj oUa^-Mil 

■ L$ >=»-Vl (* j>«-Jl ^J^- h _JiJl oJUb J^Jaj ^ (iJliJl 
^Lci^L ajlLcdl ^jjl JA l^L.L,jJl ^julji ol Lc.j 
^j-Ji caJ jS" ^jyl ji 4jjjJI «Lj^jiSl ji 2LoL£-lj 

iy^U- l_jl J>- 4j ^JiJl dJJj J?Tl jl jjj U ijLjb 

4j C-jlS" lilj .(» ja^jJl y L* j^P jj.i ^.-«..iJL; 
t£l ^J-P t__>«_~jj (1)1 LoJ^- l_-s>«-4 c4.«JLi ^^wa-lJl 

.^'Ltt-SOl L$jj jS\J j L__J_5' cJlS" Ll ajjLp ĕ ^ 
.oUi^-^U.1 dJ-*<J. h jkJl ^i (j^s! 

j__>- jJL_Jl I Jjb ^ 4j ^JaJl 4_J? jiil L J jl j 
^Jl 4j_S\Jl j___4 Jy J-s- jJl (%-$!! -JO~*-VI 
Ltt^J jJj Lo-^P-Lcilj L__j_J_i ^il jjl ^s^>. -J-£ 

j jJ LgJjLL 4_jc« 4__f jli J,LJLj .L_~jj__7j 

tjJJJJ LJj t jbJji ^U^ij 
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OVi tJ,LJl f J\ j ^kiJ LfL>Lflj' iJbS" JS" cJLS" 
^Js^j- JSCi ^ ^Ji W . /?" J^Jl ^ j» ji*Jl 

llas-^ U JkwaJl jA l-Uj . jLJl ^ Jl dJJj ^ 

^ yroJl tjJLUJl lilp ^ji-Jt j J&\ ^l-j. J 
y^j Ejnar Hertzsprung ^jjy j* jL>r) 
Lj il tHenry Norris Russell J-*l j ^rij jj c£ jL* 
^ LWLop-I £^jji V * js^Jl^j» iia-LJl ^LJLp^I lM 
Liajl 4j JiJl J JJ»JJ .4 ! -ijLj'tft <Lll jJkl ^j^— J ^j^tl» 
VI lL}JL?- Jl jJa Lgjivs> j» Lj ^jJj Cj"^ (» ji^Jl 01 

ijy>-jj-LJl ^ LjJljj JjL;.t.,,-" L-Lp SjL^JI ^ 
ojLc-I Jl I g7,:i J^-iaa ti_..lill 4aW:« ^ j jj>- jil 
o-L* ^j .^L<s L» jjiaj jjcJ LjJIj Jj-^*j 

4jj>- ^ 3 1 a : 7. < (jLJl ^ Jl Jai ^yj JS"j 

^ vi r> sJi Ji J^i 

.jjapt ^^-^ («-4 <J.) LjJ j^j L* jL>«jijl aJb»- 
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o JJ}\ ^ jJ&j Su Jajail Jj-I J.I oJl» j 

aJI jJl L\a o j~e-:.~[\ SJj _JJl 
j^» J3I .jJjS- L>..J ia^-*>lj lili 4j JaJl jwjiJ j 
LjaJ Aj Jajl J . 4_« ,/t jJl oJL* ^ ^ _^=*«Jl 

t L_Jif i^. .,,..->- o-L>- ^jIp J5" j _J^J uL> 
j» _^>Jl jl ^Joj-i^ LgJli iLLLi __JJi Li Lifj 
Luj ^vaSI «uSsJj SiliS' jS\ LiL*i ^^Jj <^>r.„^ll 
jl Js>Jiii\ j^jS t jLJbj .2jLijLl j» ^tJli SJjLLa 
C_J jSCj ^jl j» _y>tJl ^ o ip ja^ J-»-ta Ja^-*^_ 
4^LiVl aJI jJl 4aW:< £LL_*-I c-i _Jl j^Ju 
L W.^lb IJuoj .LiLi j£\ JjUJ 

t__Jl_T LiSsi ilj jiJl j» j^Jl ip j^ji Js>-b J__»-*>Ij 
^ _^>»Jl jtsl ^ La^Lp o^p^tjl tj»Jil j->j>J.I 

5i-Lail 4j __JaJl jl Jl jil ^j^i^j . Li_p_*i_j ai j jj 
ifj*J>\ JS" JL& ( jUaJ'_ r l J5" jJ^" or -_-iJl J 

. L^j* LjU Lf 
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t^Ldl a >_.»Jl oLW jl oLJ^I iJj.il oi -L» 

jl j -•''I Aj»«^lj ^ J_l |j ll O J^J Lfe jJ ,/i « 'J-^J I «j* 

o JS" ^ Jj^- jll 40 ji$y y jJ.1 jy^jjJ^Jl 
^ j ji ^>„,.::,.>L (t^>«J JJ=> cclil ol jla5 ^ 
i_JLs ^ ^JL L> jSfl ^--S' jS" (j ji jj^i j» « 
iijyJ.I Sj.jjJI c/*pliil ol JU-lj . u ....,Ml 
^SLW J**i-J V t^Jall ll$J <_^*s-J V 
c:«:1l ^ 5j>Jl jlkiJ^t aSUs Jj ijLg-Ai^l 
Ol A-i .^jJlj ol jj Jt» l-L>- 3-Lij" ol jJ <_£j jjJl 
a^L.,... ll oLL% J\ cJlS" La ^ja t jjL ^ jJlj jVl 
.4j Sja-^J.1 Sj^LaJ^I j 
5j jjlmoJI ^y» J*^r (JjI j*Jl y j-«-*r *J»j '(j^J 
Ji<cJj t jL^aj^l aJLjJI ojLL-^I oLCc. 
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^J- 5 ij -~^— O^JJ-^ 1 Uir^ ~J_)J*> tj 
oL>-jjJl y jju^il ol jvLp jUJ I Jl>- aJLp ojl j>- 
O-bi ^ jL^^/l J^LaJ 0_i"j tAjyll 
Jl jis cLpj ^ Ljj -kLi^-^lj L»jMJl £->>jj 
^.«..tJI L«l .AjLkJl SjLic^ ~*~°j ~ j~* 

' j ^y^J jLiJl t jy>r i,...tJ I $t1t^" i_jJs jj 
Jij . L>jJ ^il ji> V J^j^r* 1 <^*_J tjLg-^aj^l P»../»j 
«LojlwaJl 2jjjJl i__>«Jl £t-»l ^j-» ic- j«ji i_JjL>- 
. i£y~~* ^jSJj i^jjl Jl J-^>jJl 

tL^jyi j jis-LJl J jL>- ^Jl jL^iSfl Cv. Cf) 

i_jl £ (jy>r . ,.t! j£ Sj£ olj jjJ < *-»uil JL«jLLvI 
4Ja-*il jj L« jtAJl j\A>-j ijyrjjJ^Jl ,j-* Ojowa 

y j^J I (j , .. ai (^J-t- (ji*!j 3 „ .. : WLJ>-» J j-*>- 
Jl>- Jlj .1— *ljs- ">Lj 3,,-,J^LjJ,1 oljjjLaJl ^ 
L.j%Jl JUci^ «ij ^ 1 ^ 1 JJ 1 ^' tLa 

t jL^aj^l Jj ^ ^jP « Jj 5 *-^ J ,A> " J 
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2LJ JiC Lf t js^L o"VLil O lJSsij j Jvslyj 



68 



Pierre Lantos. Le Soleil. PUF. coll. « Que- 
sais-je ? ». 1994. 

Jean-Claude Pecker. Sous 1'ĕtoile Soleil. 
Fayard. coll. « Le temps des sciences ». 1984. 
et L'Avenir du Soleil. Wac/jette-Littĕratures. 
coll. « Questions de science ». 1990. 

Sylvie Vauclair. La Chanson du Soleil : 
l'intimitĕ de notre ĕtoile dĕvoilĕe par ses 
vibrations. Albin-Michel. coll. « Sciences 
d'aujourd'hui ». 2002. 



69 



Longueurs d'onde 




Uranium 


l t M 


Proton 


Oyjy. 


Positron 


^jjjy 


Effet Doppler 




Proportionnel 




Inversement 
proportionnel 




Tempĕrature d'ĕquilibre 


iSjj^ ^>jy 


Gravitationnelle 




Continement 




La thermodynamique 


yi-\ lSL.bj.iJl 


CNO 




Deutĕrium 




Radium 


ry>^ 


Opaque 


(T-lp 


Opacitĕ 




Phase du Nain blanc 


j^-Sll j^UjJl i^jA 
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Phase du Gĕant rouge 




Ionisĕ 




Annihilation rĕciproque 


JjLdl c UJl 


Photons 


C-*Lj y jS 


Energie cinĕtique 




Thermostat 


c;jlj^0> 


Antimatiĕre 




Palĕontologique 




Spectroscopie 




Convection 


J^J-L. ijl J~\ jLkJI 


Conduction 


jJL; ijl >l jLkil 


Supemova 


(«-k^l j^^^p-4 


Instabilitĕ gravothermale 


JUr-l jl ji-^l ^lJbtJl 
<^>' 


Fusion 


jLf-ail 


Nuclĕon 


0 j^-1^j 


Modĕlisation 


l>r li 


Neutron 




Neutrino 




Hĕlium 


fj4» 
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t-Jls&l IJU 

, ( ji-.»..tJ| jLni i_ . . 1 1 ^jS- 1 .7 J Ijjl _ii jlj ji 

oLTLJlj 'iJjjl y^-Jl j-* Lii* LU? ^oJj L^Jl 
tl-gJLni i_,,,>i ^jjp J«.L~ij 01 L» ^jSsJ . ,.«.lj%_?- 

L»jj L*j j-> jl J-*> ?S y Jj' ^/-«--^' 

Ji j ?L$ . » ai L^iSUg J*jL ^-..tJl (Jj^^liLlj^U 
L»J~c- oVj-L~Jl oJl* ^a^- j i-J 
L : J_i ^ Jlj— J^-i J* J\ ji*J t_JL$Cjl <U?rLijj 
Ji t^jSCJ ?jJ-l Ul* Jl a_jL> ^^-Ul J*>o ^JJl 
^ j ^j.» J_« j ? | _ r .o.,.iJl AjtjJ? ^ L t_l- j IJl* 

Jl i^^y^ Lf Uo jj j JjLj jl J-«^>«j y\ J ?*-«Jj 

?<jji£ ^-o.illj ^L» J_« tljo^-lj ,tll ^LaiaJl 
Lclj t^a.Jall JUJ.I JbJ jl ik*Jy\ oJl* 

aJLLaJt _jL_xJI j _l-uVl LjLJi ji ^Lij^iJl JL< j 

j>\ ^j^^ 4j.>j jjjjii ji ^\ u* 4( j-ujj 



JjLSL* aJLLxV| ^Js- ^moIp 4jj^-I ^JlSj (Jl ^yu*. J 
0*>LpIjLJI Aj^JaJl aJL* ^sk^L-J .UjiPj ^JUl 

ojU^lj ajjI^J-I 15wUjjJI ^jjj-^ 
cjUi^^L jJJi jjliJj t-dijj ^Uti^l JL-jIj 
jjj^oj tL* jJaij jj-^-iJl tbS" jJl! LL*4 
^jLc- £j! jJl «.jJaJl SiLS^j c3-=r oLLkJl 

j jJs ^ Aj Jaj ■ SjsL^- 4^ y Jl jkL ^cJa—Jl 

^JUaji jJJJ ULgJ tLji>o JL~ JJL*J IjL^pI JSs-ijJl 

Jl ^jp Si^lSCa Oj jw5 ^JjJ-J pLL^jH ^ Jj«J 



^aSLiJ ^l |_Jajf I g ,1p ^jSO tj> jJl LJ jJLi L5" 

jl ^«...iJl ^L«_il 01 Cr^ ^ *5»ti*A\ oLk*il 
I g ,1p jl \-<S i4j-» j jJL 600 -Ll« *>LJi j-» jJiii 
^ jL-J^I L^S-I ^Jl ^-jjUil \f jl 
^ VI ^--JtJl j* UlL>J V ^l c£ >Vl j^il 
.^jjLo^SOl Ijj-j j^jj L^iLS' 



: jjjj.1 



^jJajJI i fl 1 1L ol—jj 
I uiLujl 



j-0 1,1 * 11 —i II cljg uajl ojLIL 

^jjjjl h . 1 11, 7 JLw ^Ji , 
jLy^e ^ — fl ^jI i I j o o-i — c fi^-y$ 

^ I tl r ^ - .■^ 1 I J .. n jj I ■ I I 



j-3 £l— 



util., 



l<i_->-j___JJ j__C_ _.__*_> 



J9— < a _H *4 

jl_______.| j ___£_ ._____jL__°g 14 

j_>j___Ji J.w?>. t- ._j____i1 — tLlS 

__I j9 >_l£ jJIj ^oj-jJJI ^ 

«u ijL-uj*i ljl» jii^ _b_ri 

________ j .___(■ 'l i^ J - 1 j ■* <f ^ j - 1 1 

___»j_U L_J_JI __,jj _L_J,I 

I __il.L___> j — _u_i . 
^_fl J 1T _-J * H _-iL— Jj— ^ i__fl 

j-aj __jj_-JI __iil — il ^jt __i____JI 
1 _____.jJI i— »jJ : a ; l jl j-_ 
l___ gr —_ r<2004) __._a_j.j_JI 
^.Jj ________ j .(2007) -i ._- 

JL_i__-_U j_____ii _U l_ 

_jj_____ I — aS .rt i I (I 4 — j-j jj__ 
.--hLo-^jjJI j-o jjjjJi 



q i'» Tl jL___l ^ 3_jl_JI Lo 



LaL? j-oJ- Ljjj .^ji—a uJI jLaJL — _i j-c J*t — mi ; 1 1__ii . j bj ~i ■ ,_J 

■ ■ ■ «»■ ___. JH ■ ■■'■ ^jl L_ ^>_-J f 'j x ^ ■-■'*i - ■ <ij .Jjjjl j _> ■ I I £__ I q I "7 o 
j i i n >» M 1 1 j-Ij . J-t-(-* j-a JU-W iLLuil j_*jJI jJLc JLj_i .LjJL__. 

jii_) __JI jj--S- 2f I-LL9 *Lo Lo^j L_ftg$__- _i n Vi 1 _» jj j- S - r Jjs *£>j-o J9I 

o___ ii> ___ vjjl _JI ■ uu -i— -9 ^L^ ■ ■ ■ I J :ilu J S-a-i 

■Jj-j-i j_o JIj-jai J ^ 1"» j-b j)j i 1 1 .__jL__JI <U_>-Laj Lo,____ -.Hjl — ___J1 
Lo .^JIjg ) i_> J-^s . j — SU ?__AI lj_a> __JI -_jL _>__o — __JI Jjl_>_j _f-JI Lo 

1 ii i j _>1 J o.i->. S ^9 T _^ 0 I ' 1 _, — _.j _-i-> i-JSj ^^^u-a — uiJI - * > . t-> _, — 0 

jii fi ui llg ___a .Ij-i-S-lj 5^j i i a i 'ii t l pL____jt __J1 — L- L-tuj-Sj 
.ji-C^ J * 11 ■■■ " -LU-wj^jU _jLL>»I -I_xj1 Ji}L__j _jI_lS7 <_;[ 5jj-_i- 




